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ABSTRACT   
Objectives: Past research has shown that Virtual Reality (VR) is an effective method for 
reducing the perception of pain and effort associated with exercise. As pain and effort are 
subjective feelings, they are influenced by a variety of psychological factors, including 
RQH¶VDZDUHQHVVRILQWHUQDOERG\VHQVDWLRQVNQRZQDV3ULYDWH%RG\&RQVFLRXVQHVV3%&
The goal of the present study was to investigate whether the effectiveness of VR in 
reducing the feeling of exercise pain and effort is moderated by PBC.  
Design and Methods: Eighty participants were recruited to this study and were randomly 
assigned to a VR or a non-VR control group. All participants were required to maintain a 
20% 1RM isometric bicep curl, whilst reporting ratings of pain intensity and perception of 
effort. Participants in the VR group completed the isometric bicep curl task whilst wearing 
a VR device which simulated an exercising environment. Participants in the non-VR group 
completed a conventional isometric bicep curl exercise without VR. ParticiSDQWV¶KHDUWUDWH
was continuously monitored along with time to exhaustion.  A questionnaire was used to 
assess PBC.  
Results: Participants in the VR group reported significantly lower pain and effort and 
exhibited longer time to exhaustion compared to the non-VR group. Notably, PBC had no 
effect on these measures and did not interact with the VR manipulation.  
Conclusions: Results verified that VR during exercise could reduce negative sensations 
associated with exercise regardless of the levels of PBC.  
Keywords: Virtual Reality, Pain Intensity, Perceived Exhaustion, Heart Rate, Physical 




Experiencing pain causes discomfort to the individual as a result of actual or believed tissue 
injury (Merskey & Bogduk, 1994). As such, pain is both nociceptive and subjective, with 
the same sensory signal giving rise to different experiences of pain intensity across 
individuals and situations.  Research has shown that psychological factors, such as 
expectations based on visual information, play a vital role in pain experience (Bayer, 
Coverdale, Chiang, & Bangs, 1998; Ohrbach, Crow, & Kamer, 1998; Zatzick & Dimsdale, 
1990). Moreover, although not all pain represents a danger to the body, the experience of 
pain may lead to undesirable behavior change. For example, the naturally occurring pain 
caused by vigorous exercise does not pose physical harm but it may still cause people to 
steer clear from exercise in order to avoid the painful experience (Mauger, 2014).  
Recent research has shown that beyond expectations created on the basis of visual 
information, the level of pain one experiences depends on other factors such as Private 
Body Consciousness (PBC), i.e., how well one is aware of internal bodily sensations 
(Bekker, Croon, van Balkom, & Vermee, 2008; Haugstad et al., 2006; Miller, Murphy, & 
Buss, 1981). Indeed, studies with both clinical patients and healthy participants have shown 
that individuals scoring higher on a PBC measure reported greater frequency and intensity 
of pain symptoms compared to those with lower scores of PBC (Ahles, Pecora, & Riley, 
1987; Ferguson & Ahles, 1998; Martin, Ahles, & Jeffery, 1991; Mehling et al., 2009; 
Pincus, Burton, Vogel, & Field, 2002). These findings suggest that effectiveness of 
LQWHUYHQWLRQVDLPHGDWUHGXFLQJSDLQVHQVDWLRQVPD\GHSHQGRQDQLQGLYLGXDO¶V3%&OHYHO
In the present study we investigate this hypothesis, for an intervention that relies on Virtual 
Reality (VR) technology. 
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VR allows users to experience a computer-simulated reality based on visual cues, enhanced 
with auditory, tactile and olfactory interactions (Li, Montaño, Chen, & Gold, 2011). In 
recent years, low-cost consumer VR gear has become widely available (e.g., Google 
Cardboard, Gear VR, Oculus Rift, HTC Vive2), providing a wide range of opportunities 
for applications, including interventions for reducing exercise-related pain and effort.  
Indeed, research shows that VR technology may provide an alternative solution to pain 
management that does not rely on the use of pharmacological analgesics (Mahrer & Gold, 
2009; Malloy & Milling, 2010; Matsangidou, Ang, & Sakel, 2017; Morris, Louw, & 
Grimmer-Somers, 2009). Although VR has been shown to be effective in reducing the 
feelings of pain and effort (Matsangidou, Ang, Mauger, Otkhmezuri, & Tabbaa, 2017), the 
mechanisms by which it does so, remain largely unknown. One possibility is that VR 
reduces the amount of attention that is allocated to the sensory signal of pain. Our 
attentional resources are limited and to cope with the vast array of information that gets 
registered by our senses at any given point in time, we must select only the information 
that is relevant to our goal and ignore the rest (e.g., Wickens, 2008.) VR provides the senses 
of the user with a multitude of information while at the same time prevents access to his/her 
body. This allows the user to be immersed in the virtual environment and disconnect from 
the actual surroundings (e.g., Eichenberg & Wolters, 2012).  As a result, attentional 
resources may be diverted away from the pain signal, reducing thus the experience of pain 
(Gold, Belmont, & Thomas, 2007; McCaul & Malott, 1984).  
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If indeed VR helps to distract users away from the pain signal, then its effectiveness for 
reducing the feelings of pain would depend on how well the user can inhibit information 
about his/her body and how well s/he can immerse in the virtual environment. Given that 
people with higher PBC are believed to be better attuned to their internal physiology and 
are more affected by nociceptive stimuli (Fenigstein, Scheier, & Buss, 1975; Miller et al., 
1981), it may be that VR is less effective in reducing their pain and effort perception 
compared to those with low PBC. This hypothesis has not yet been tested as, to our 
knowledge, no study so far has investigated whether PBC can moderate the positive effect 
of VR on exercise-related pain perception. Therefore, the goal of the current study is (1) to 
verify that VR can be effective in reducing the feeling of exercise-induced pain, and (2) to 
examine whether its effect depends on PBC. If PBC influences the levels of 
presence/immersion in the virtual environment and as a result the attention allocated to 
pain signal, participants with low PBC scores are expected to report less pain and effort 
compared to participants with high PBC scores. Alternatively, if PBC does not moderate 
the effect of VR, based on past VR studies enhanced with several psychological 
intervention strategies (Mahrer & Gold, 2009; Malloy & Milling, 2010; Morris et. al., 




Material and Methods  
Participants 
Twenty-one males and 59 females, with a mean age of 23 years (SD = 5) participated in 
WKHVWXG\3DUWLFLSDQWV¶RQH-repetition maximum (1RM3), for 180o of dominant arm elbow 
flexion ranged from 5 to 30 kg, with a mean at 11.9 kg (SD = 6.2). More than half of the 
participants reported not engaging in regular (3 to 7 days per week), structured resistance 
or aerobic exercise (no regular resistance training = 52/80, no regular aerobic training = 
51/80 during the testing week). Participants who reported engaging in regular structured 
exercise (regular resistance training = 28/80, regular aerobic training = 29/80) had a weekly 
mean workout time of 2.81 hours (SD = 3.75). All participants were healthy, with normal 
or corrected vision, and no disability that could affect their performance in the exercise 
task. In addition, no participant reported taking any chronic medication or having any 
cardiovascular, mental, or brain condition that could affect their performance. Participants 
were randomly allocated to the VR or the non-VR group.  Error! Reference source not 
found. presents relevant descriptive data for each condition.  
Table 1  
Descriptive statistics per group 










Males Females (M, SD) (M, SD) Resistance Aerobic 
VR 9 31 23.58, 5.35 
12.35, 
6.35 16/40 14/40 2.91, 3.69 
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 i.e. the heaviest weight they could lift.  
7 
 
non-VR 12 28 22.65, 6.40 
11.60, 
6.29 12/40 15/40 2.70, 3.85 
Ethics 
The study was approved by University of Kent SSES Research Ethics & Advisory Group 
(ref. Prop. 50_2016_17). All participants signed a consent form prior to the study and the 
study was performed in accordance with the Declaration of Helsinki.  
Procedure 
The procedure followed in the study is presented schematically in Error! Reference 
source not found.. Upon arriving at the laboratory the first day, participants were assigned 
to the VR or non-VR group and were asked to complete a PBC questionnaire. Then, they 
were asked to stand with their back straight against the wall and with their elbow and wrist 
joint at a 180º angle. From this position, they were asked to bicep curl a dumbbell through 
a full range of motion (180º-full flexion-180º). Weight was added to the dumbbell until the 
participant was no longer able to perform a 180º-full flexion-180º. The heaviest weight a 
participant was able to lift defined their 1RM. A mass that was equal to the 20% of each 
SDUWLFLSDQW¶V50ZDVWKHQVHWDVWKHLU%DVHOLQH0DVV 
Once this process was completed, participants were asked to rest for 10 minutes before 
moving on to the familiarization session.  During the familiarization session, they were 
instructed to sit on a chair and rest their elbow on a table in front of them. A yoga mat was 
placed under their elbow to increase comfort. Participants in the VR group were asked to 
put on a Samsung Galaxy Gear1 head-mounted-display (HMD).  Then, participants in both 
groups were instructed to hold their Baseline Mass in an isometric contraction for as long 
as they could with their elbow at an angle of 90º flexion.   
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When participants visited the laboratory the second day for the main experiments(VR and 
non-VR sessions), they were again instructed to sit on a chair with their elbow rested on a 
table in front of them and perform the exercise task as they did during their first visit. Once 
the exercise was completed, participants in the VR group answered a questionnaire that 
included a series of items inquiring about their experience with the VR.  
 
 
Figure 1. Illustration of the Study Procedure. 
Apparatus and Visual Information  
Participants in the VR group viewed from a first person perspective their virtual body 
sitting on a chair in a neutral looking virtual room (Error! Reference source not found.). 
A table with a yoga mat on it was present in the virtual room, simulating the look of the 
DFWXDOHQYLURQPHQW7KHSDUWLFLSDQW¶VYLUWXDODUPZDVVKRZQWRKROGWKHGXPEEHOOLQWKH
90º position. Participants in the non-VR group sat on a chair in an empty room, in front of 
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a table with a yoga mat on it, looking directly at their arm holding the weight at the 90º 
position.  
 
Figure 2. ,OOXVWUDWLRQRI8VHU¶V3HUFHSWLRQDQG9LUWXDO(QYLURQPHQW 
The VR environment was developed with the Unity3D 5 game engine for the Samsung 
Gear VR HMD and ran on a Samsung Galaxy S6 phone. The 3D models were generated 
in Maya version 2016 (Autodesk Inc). The system allowed customizing the gender, the 
dominant hand, the skin, the t-shirt colors, and the weights on the dumbbell. In order to 
provide a sense of agency, the VR was connected to a Microsoft Band (Microsoft Inc.) that 
WUDFNHGWKHPRYHPHQWRIWKHSDUWLFLSDQW¶VDUP (rotation X and Y axis) using its built-in 
gyroscope. The data were used to animate the virtual arm in real time to match the 
movement of the actual arm. 
Instruments 
During the two sessions of the study (i.e., the familiarization and intervention sessions), 
the following data were collected:  
Heart Rate (HR): HR was measured continuously with a telemetric device (Polar Electro, 
N2965, Finland). HR provides a measure of the psychological anticipation of exercise and 
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has been used in several previous studies relating to pain (e.g., McGrath et al., 2008; 
Matsangidou et al., 2017; von Baeyer & Spagrud, 2007).  
Time to Exhaustion (TTE): TTE was defined as the amount of time participants spent 
holding the weight. Time to Exhaustion of pain has been previously assessed during a 
continuous pain task (Astokorki & Mauger, 2017; Dahlquist, Herbert, Weiss, & Jimeno, 
2010; Rutter, Dahlquist, & Weiss, 2009; Sil et al., 2014). For health and safety reasons, the 
maximum experimental time was set to 15.00 minutes. 
Pain Intensity Rating (PIR):  Participants were asked to verbally report their level of 
perceived pain every 60s, using the 0-10 Cook Scale that ranged from 0 (No pain at all) to 
10 (Extremely intense pain, almost unbearable). Participants were instructed to report their 
pain intensity according to feelings of pain during exercise, rather than compared to other 
non-exercise type pain (e.g. dental pain). The PIR scale has been previously shown to have 
high reliability and validity (Cook, O'Connor, Eubanks, Smith, & Lee, 1997). Our analysis 
supports previous findings and revealed a high degree of reliability, measured by Cronbach 
DOSKDĮ = .920. 
Rating of Perceived Exertion (RPE):  Participants were asked to verbally provide a rating 
of perceived exertion, using the 6-20 Borg Scale that ranged from 6 (No exertion at all) to 
20 (Maximal exertion), every 60s of the exercise task.  Specifically, participants were asked 
to report how much effort they had to exert to keep their arm in a 90º flexion, independent 
of feelings of discomfort. The RPE scale has also been shown to have high reliability and 




Private Body Consciousness (PBC): PBC scores (Miller et al., 1981) were obtained through 
a self-report scale consisting of 5 statements directed at capturing the level of awareness of 




ERG\ WHPSHUDWXUH´6WDWHPHQWVZHUH UDWHGXVLQJD-point Likert scale, ranging from 0 
(Extremely uncharacteristic) to 4 (Extremely characteristic). Higher scores represent 
greater body awareness (Ainley & Tsakiris, 2013). The PBC questionnaire has high 
reliability and validity (Miller et al., 1981; Mehling et al., 2009). Previous findings were 
supported by our analysis showing high RIUHOLDELOLW\Į = .663. 
Immersive Experience: A self-report questionnaire completed after the exercise task in the 
VR group was used to assess immersive experience. The questionnaire consists of several 
factors such as Presence and Hand Ownership, EDVHGRQ WKH LQGLYLGXDO¶V impression of 
realistic experience, rated on a 7-point Likert scale. The Immersive Experience 
questionnaire has been shown to have high reliability and validity (Matsangidou et al., 
2017). Our analysis supports previous findings and revealed a high reliability for the 
components of presence and hand ownershipĮ = .838 and Į = .955 respectively.  
Statistical Analysis 
Data analyses on time-based measures (PIR, RPE, HR) were carried out using the ISO 
time-points that were consistent across all participants. The shortest time to task failure 
across participants and groups was 2 minutes; therefore, the ISO time analysis was carried 
out for the first and the second minutes of the exercise task (hereafter referred to as PIR1, 
RPE1, HR1 and PIR2, RPE2, HR2). HR was also recorded when participants withdrew 
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from the task (fHR). The average PIR, RPE, and HR (mPIR, mRPE, mHR) were computed 
DFURVV WKH H[HUFLVH WDVN IRU HDFK SDUWLFLSDQW $ FRUUHODWLRQ DQDO\VLV 3HDUVRQ¶V r) was 
conducted to explore potential relations among PBC, Immersive Experience (Presence and 
Hand Ownership), PRI, RPE, and HR. An Analysis of Covariance (ANCOVA) was also 
conducted to examine how VR (as an independent variable) and PBC (as a covariate) affect 
TTE, PIR, RPE, and HR. Means (M) and standard deviations (SD) are reported. For 
statistical tests a=.05 was used to test significance.  
Results 
To evaluate the main hypothesis of the study, i.e., that the influence of VR on time to 
exhaustion (TTE), pain (PIR1 and PIR2, and mPIR) and effort (RPE1, RPE2, mRPE) 
perception depends on PBC, we conducted a series of one-way ANCOVAs. Additional 
one-way ANCOVAs were also conducted on ISO HR (HR1 and HR2), mean (mHR) and 
on end of exercise (fHR) variables, with VR condition as the independent variable and the 
PBC as a covariate. We present these analyses for each measure of interest.  
Pain Intensity Rating (PIR).  
The analysis revealed a significant effect of VR condition for PIR1, PIR2 and mPIR. For 
the PIR1, the effect of the VR exercise, after controlling for PBC, was significant, with 
participants reporting lower PIR in the VR (M = 2.28, SD = 1.68) than the non-VR (M = 
3.20, SD = 1.70) exercise condition, (F(2, 76) = 5.83, p = 0.018,  Ș2 = 0.07) (Error! 
Reference source not found.).  However, the effect of PBC was not significant (F(2, 76) 
= 0.39, p  Ș2 = 0.005). The same pattern of findings was obtained for PIR2. The 
effect of VR was again significant (F(2, 76) = 6.09, p = 0.016,  Ș2 =  0.073) (M = 6.56, SD 
13 
 
= 1.33) (Error! Reference source not found.), with reported PIR being lower for the VR 
(M = 4.61, SD = 2.42) than the non-VR (M = 5.87, SD = 2.16)  exercise condition. The 
effect of PBC was not significant (F(2, 76) = 0.92, p = 0.342,  Ș2 = 0.012).  
The effect of the VR condition on mPIR after controlling PBC was also significant, (F(2, 
76) = 5.09, p = 0.027,  Ș2 =  0.062).  Reported mPIR was lower in the VR (M = 5.84, SD = 
1.55) than the non-VR exercise (M = 6.56, SD = 1.33). However, the effect of PBC was 
not significant (F(2, 76) = 2.49, p  Ș2 = 0.031).  
 
Figure 3. VR effect on PIR1 and PIR2 (error bars represent standard errors of the mean). 
Rating of Perceive Exertion (RPE).  
For perceived exertion of the  analyses for each time point (RPE1 and RPE2) revealed that 
for  RPE1 neither the main effect of VR condition nor the main effect of PBC were 
significant (F(2, 76) = 1.71, p = 0.194,  Ș2 =  0.022 and F(2, 76) = 0.96, p  Ș2 = 
0.012 respectively).  For RPE2, the effect of VR condition was significant, (F(2, 76) = 
4.52, p = 0.037,  Ș2 =  0.055), with participants in the VR exercise  (M = 11.53, SD = 3.10) 
reporting lower RPE rates than those in the non-VR exercise condition (M = 13.03, SD = 
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3.32). The main effect of PBC was not significant for RPE2 (F(2, 76) = 2.29, p = 0.134,  Ș2 
= 0.029).  
The analysis on the mean rates of perceived exertion (mRPE), showed a statistically 
significant difference between the VR and non-VR exercise on mRPE after controlling for 
PBC, (F(2, 76) = 4.64, p = 0.034,  Ș2 =  0.057). Participants reported overall lower RPE in 
the VR (M = 13.32, SD = 2.51) than in the non-VR exercise condition (M = 14.42, SD = 
2.17). The main effect of PBC was not significant (F(2, 76) = 3.09, p  Ș2 = 0.039).  
Time to Exhaustion (TTE).  
The ANCOVA on the Time to Exhaustion (TTE) revealed a statistically significant effect 
of VR condition.  , (F(2, 76) = 12.59, p  Ș2 = 0.141), with participants lasting longer 
in the VR (M = 05.34 min, SD = 1.55) than in the non-VR exercise (M = 04.14 min, SD = 
1.22). As with the RPE analyses, the main effect of PBC was not significant (F(2, 76) = 
0.87, p  Ș2 = 0.011).  
Heart Rate (HR).  
The analyses showed no significant effect of the VR condition on the dependent Heart Rate 
(HR1, HR2, mHR, and fHR) variables after controlling the PBC. The results from these 
analyses are presented in Error! Reference source not found.. As seen in Table 2, there 
was a trend for participants who had exercised in VR to have a lower HR (~3 bpm lower) 




HR: Effects for VR and non-VR exercise after controlling the PBC 







HR1 2 76 0.95 VR 85.78 11.77 81.89 89.63 
non-VR 88.43 12.75 84.57 92.31 
HR2 2 76 1.53 VR 86.95 11.96 83.32 90.55 
non-VR 90.10 10.93 86.50 93.73 
mHR 2 76 0.19 VR 87.35 11.50 83.79 90.87 
non-VR 90.63 10.95 87.11 94.19 
fHR 2 76 1.78 VR 89.75 11.58 86.17 93.30 
non-VR 93.10 11.13 89.55 96.68 
 
PBC and its correlates.  
To test the hypothesis that PBC levels are related to the levels of presence and immersion 
reported by participants, we carried out a correlation analysis. Results showed no 
significant correlation between participant ratings of immersive experience and the PBC 
within the VR group (r(40) = -0.16, p = 0.31) for presence and PBC,  and  (r(40) = -
0.20, p = 0.21) for hand ownership and PBC. 
We carried an additional analysis to examine whether PBC levels are related to pain 
perception (PRI), effort (RPE), and HR.As shown in Table 3, no significant correlations 




PBC, HR, PIR and RPE ratings: Correlations (N = 80), (*p < .05; **p < .01) 
  1 2 3 4 5 6 7 9 10 
1.   PBC -                 
2.   HR1 0.10 -               
3.   HR2 0.10 .91** -             
4.   fHR 0.13 .83** .90** -           
5.   mHR 0.10 .95** .97** .95** -         
6.   PIR1 0.07 0.00 0.10 0.12 0.07 -       
7.   PIR2 0.10 0.08 0.16 0.18 0.14 .86** -     
9.   RPE1 0.11 -0.12 -0.01 0.03 -0.03 .66** .55** -   
10. RPE2 0.16 -0.05 0.07 0.12 0.04 .68** .71** .82** - 
 
Discussion  
The aim of the present study was to examine whether VR technology reduces the 
perception of pain and effort during exercise and whether PBC moderates this effect. 
Findings revealed that VR was effective in reducing exercise-induced pain for this sample 
of 18 to 45-year old adults of both genders. Indeed, results showed a substantial decrease 
in participant PIR and RPE during exercise in VR compared to the control condition of 
exercise without VR. Notably, this was apparent from the first minute of exercise. The 
mean PIR in the first minute of the VR session was 10% lower than the corresponding time 
point in the non-VR exercise, although this difference increased to 13% in the following 
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minute. During the secoQGPLQXWHRIH[HUFLVHSDUWLFLSDQWV¶RPE was by 11% lower in the 
VR than in the non-VR exercise. This observation is consistent with previous research 
demonstrating that VR enhanced by psychological methods, such as Distraction via 
imagery, meditation, relaxation, hypnosis, and positive thinking is capable of reducing the 
naturally occurring pain and effort associated with single limb exercise (Matsangidou et. 
al., 2017).  
Another important finding from the study was that the effect of VR exercise on PIR and 
53(ZDVLQGHSHQGHQWRISDUWLFLSDQWV¶OHYHOVRI3%&:HKDGK\SRWKHVL]HGWKDWLI95KHOSV
to distract one away from the pain signal, then its effectiveness for reducing the feelings of 
SDLQZRXOGGHSHQGRQKRZZHOOLQIRUPDWLRQDERXWRQH¶VERG\FDQEHLQKLbited. Thus, we 
expected participants with low PBR to show increased sensitivity to VR exercise. 
However, this was not the case. Instead, our results provide clear evidence that PBR does 
not interact with VR in reducing perceived pain.      
Although no effect of PBR was observed, the obtained lower PIR and RPE during the VR 
session could still be still be attributed to inattention. VR provides the individual with a 
YDULHW\RIVLPXOWDQHRXVVHQVRU\VLJQDOVZKLFKPD\GLUHFWWKHLQGLYLGXDO¶VDWWHQWLRQDZD\
from the painful signal (Gold et al., 2007; McCaul & Malott, 1984; Wickens, 2008). Past 
research has shown that a significant component of the effectiveness of VR for pain 
management is the high level of immersion and presence it delivers. Immersion induces a 
VWDWH RI FRQVFLRXVQHVV LQ ZKLFK WKH XVHU¶V UHVSRQVLYHQHVV WR LWV RZQ SK\VLFDO VHOI-
GLPLQLVKHVGXH WR WKHXVHU¶V LQYROYHPHQW LQ WKH9LUWXDO(QYLURQPHQW 9($V WKHXVHU
engages strongly with this sensory experience, s/he may become less attentive to 
nociceptive signals and pain.  
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Another possible explanation for why VR in our study was effective in reducing pain and 
perceived exertion is that participants embodied the simulation and felt the virtual hand as 
their actual hand. If this was the case, the simulation of the hand via VR concealed visual 
stimuli that could be perceived as signals of pain and exertion (e.g., veins swells, skin 
redness). Previous research has indeed shown that bodily self-consciousness is generated 
in the brain by sensory stimulation on a fake hand, which can be perceived by the individual 
as a real part of the body (Botvinick & Cohen, 1998; Tsakiris, Hesse, Boy, Haggard, & 
Fink, 2006). As in our study the movement of the virtual hand was realistically mapped to 
that of the real hand, participants were very likely to have felt the virtual hand as their own. 
This possibility is corroborated by the high scores of hand ownership reported by our 
participants. 
Finally, the effect of VR could be attributed to relaxing attributed of the simulated 
environment. Previous research has shown that viewing an animated cartoon helps to 
reduce anxiety in clinical environments (Cohen, Blount & Panopoulos, 1997; Lee et al., 
2012) and that a cartoonish virtual environment is associated with happy childhood 
memories and improved mood (Bower, 1981; Martin & Metha, 1997). Given that in the 
present study a cartoonish environment was presented (as opposed to a photorealistic one), 
our paradigm could have induced a similar relaxing reaction as that reported in previous 
studies (Bower, 1981; Cohen et al., 1997; Lee et al., 2012; Martin & Metha, 1997), which 
counteracted the negative sensations associated with exercise.  
Another notable finding from the current study is the positive relationship between VR and 
time to exhaustion (TTE). As results showed, participants using VR exercised for 
approximately two minutes longer compared to those who carried out the conventional 
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non-VR exercise. This finding is in line with results from previous research showing that 
VR technology can be used as an effective means for altering time perception via 
Distraction and Altered Visual Feedback strategies, during chemotherapy, during therapy 
for individuals experiencing induced ischemic pain, and during exercise induced pain 
(Matsangidou et al., 2017; Schneider & Hood, 2007; Schneider, Kisby, & Flint, 2011; 
Schneider & Workman, 2000; Schneider et al., 2003; Schneider, Prince-Paul, Allen, 
Silverman, & Talaba, 2004; Wiederhold & Wiederhold, 2007). Our study suggests that VR 
technology is not just a platform for the implementation of traditional and successful 
psychosocial intervention strategies. Rather, it can contribute to the alteration of time 
perception, the reduction of pain, and hence the increase of the perceived duration of the 
painful process even without any concurrent psychological intervention.  
The observed trend towards a reduced HR during exercise in VR supports the existing 
evidence suggesting that affordable VR technology can be effective in reducing 
physiological and psychological strain during exercise (Matsangidou et al., 2017). Even 
though it was not significant, during the VR session the participants had approximately 3 
bpm lower mean HR than the participants in the non-VR group. This observation was 
supported by both the ISO time, mean and end of exercise data. It may be that the novelty 
afforded by the virtual environment had an effect which served to reduce anxiety and 
attention to these as they increased as a result of exercise (Arntz, Dreessen, & Merckelbach, 
1991). 
Further results from the current study showed no significant effect of PBC on immersion, 
assessed through presence and hand ownership scores.  This results are at odds with those 
from previous research showing that individuals who score higher in PBC tend to better 
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understand their body than individuals which scores lower in PBC (Miller et al., 1981). 
Instead, our results showed that PBC was not a predictor for presence and hand ownership 
in a VR environment and that the positive effect of VR technology for pain management 
during exercise was not mediated by PBC. 
Future research may investigate the conditions under which PBC may influence immersion 
and potentially the effectiveness of VR. For example, more research is needed to determine 
whether the virtual environments representing natural and photorealistic environments are 
more or less effective than ones presented in cartoonish form.  Furthermore, it would be 
worthwhile adopting a mixed-methods approach (questionnaire and interview) in order to 
address user preferences for the design of VR environments. Finally, this study utilized 
participants who were both active and inactive, therefore future work should seek to 
replicate this study with a group of sedentary participants, as this is where the greatest 
potential for positive impact on behavior may be.    
In conclusion, the results of this study provide evidence that VR technology can play a 
significant role in reducing the sensations of pain and effort caused by exercise. In 
particular, our findings showed that using VR during exercise can help to offset pain 
perception and perceived effort, even for individuals who score high in PBC. These 
findings open possibilities of investigating the use of VR technology for improving 
immersion and interest and reducing negative exercise-associated sensations during home 
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